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FOREWORD 


This  report  covers  a nearly  silent,  liyht --weight  steam 
power  plant  for  aviation,  that  is  particularly  well  suited  to  the 
special  recuirements  of  a fixed-wing,  boundary-layer-control 
airplane  cEijable  of  wide-speed-range  and  short-field  performance. 
This  steam  power  plant  will  be  able- to  burn  all  military  vehicle 
or  aircraft  fuels.  Atomic  fuels  can  undoubtedly  be  adapted  v;hen 
available.  Therefore,  a re-examination  of  steam  for  power  and 
propulsion  is  timely  ana  desirable. 

The  Sealer  Corporation  in  the  last  quarter  century  has 
made  a number  of  diversified  applications  of  steam  power,  includ-' 
Ing  the  conversion  of  a Travelair  Biplane  (jr^259)  tu  steam  power 
in  April  1933.  This  plane  was  designed,  constructed  and  flovm 
by  the  writer  and  associates  who  remain  vJith  the  organization  as 
key  engineers  and  executives. 

There  have  been  other  applications  of  steam  to  road  vehicles, 
a streamlined  train  for  the  New  Haven  Railroad  and  a marine 
installation,  nil  of  these  operated  successfully  and  in  addition 
to  the  commercial  steam  products,  form  a background  of  knowledge 
ana  experience  pertinent  to  this  report. 

A description  of  the  1933  Besler  steam  airplane  in  Appendix 
A documents  what  has  been  accomplished.  The  report  illustrates 
how  a steam  cycle  fits  the  special  power  requirements  of  a fixed- 
wing  airplane  for  very  short  field  operation  and  describes  an 
improved, silent  steam  plant  for  1954, 


V/illiam  J,  Besler 
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INTRODUCTION 


As  the  speed  of  airplanes  has  reached  the  point  where 
they  are  hardly  suitable  for  airport  operation,  future  developments 
must  be  concerned  with  lower-speed  takeoffs  and  landings,  and 
shorter-field  performance.  Boundary-layer  control  of  fixed- 
wing  aircraft  is  a very  promising  method  of  achieving  this  goal 
in  a rugged,  uncomplicated  air  frame,  a.  steam  powerplant  has  some 
unique  characteristics  that  are  applicable  to  a boundary-layei 
control  plane.  The  engines  can  be  expected  to  be  reliable  and 
not  subject  to  sudden  cutout,  and  the  boilers  through  Intercon- 
nection by  small,  light-weight  pipes  can  supply  their  energy  to 
either  thrusting  or  lifting  devices,  or  both.  Therefore,  the 
failure  of  one  power  generator  woulu  not  cause  undue  concern  or 
loss  of  control.  It  is  the  objective  of  this  report  to  present 
the  essentials  of  a yowerplant  system  to  furnish  quiet,  reliable, 
flexible,  multi-fuel  engine  power  for  a boundary- layer  control 
airplane. 

Extreme  latitude  exists  in  a steam-powered  airplane  in 
the  matter  of  component  disposition.  The  engines  may  be  placed 
in  the  wings  or  other  outlying  positions  while  the  boilers  with 
the  auxiliaries  consolidated  in  an  engine  room,  or  the  complete 
powerplant  may  be  housed  in  the  engine  nacelle,  irower  can  be 
diverted  from  thrusting  engines  to  boundary-layer  control  engines 
to  eliminate  the  necessity  of  proviaing  separate  sources  of  power 
generation.  Other  advantages  will  become  apparent  throughout 
the  report . 

M.  documentation  of  the  Besler  steam  airplane  of  1953  is 
presented  as  appendix  a.  Under  alc-ost  every  topic  there  is  con- 
tinual reference  to  the  technical  dat«/ acquired  by  this  organiza- 
tion over  the  last  twenty-five  years. 

A few  words  about  turbines  are  appropriate  since  it  is 
very  appealing  to  visualize  a completely  rotating  engine.  It 
is  generally  appreciated  that  small  turbines  are  not  efficient 
ana  that  turbines  are  best  utilized  in  installations  such  as 
central  power  generating  stations  where  10,000  kw.  can  be  trans- 
mitted by  a single  rotating  shaft.  Turbines  have  severe  limitations; 
they  must  operate  at  a relatively  constant  speed  and  a high  load 
factor.  Regrettably,  no  turbine  exists  touay  in  the  150  h.p. 
range  that  can  operate  at  the  pressure  necessary  for  a cycle  of 
high  efficiency,  and  can  therefore  compete  with  the  highly- 
uevelopeu  piston  engine  shown  in  this  report. 

In  the  author’s  opinion,  if  the  funds  end  time  were  available, 
a combination  piston  engine  and  turbine  could  be  constructed 
with  reduced  overall  dimensions  and  weights  and  a slight  increase 
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in  efficiency  mieht  be  expected.  It  is  possible  that  a small 
turbine  could  be  produced  if  an  extremely  high-speed  Rearing  could 
be  developed.  However,  for  the  purposes  of  this  report  it  is 
preferred  to  stay  on  the  conservative  side  and  show  the  proven 
efficient  piston  construction. 

Possibly  this  report  v^ill  be  criticized  for  its  conservatism 
and  the  final  proposal  might  not  stand  up  too  well  in  comparison 
with  calculations  made  from  purely  theoretical  considerations 
not  tempered  with  practical  experience.  But  in  defense  of 
conservatism,  it  must  be  emphasized  that  reliability  is  the  essence 
of  an  aircraft  power  plant,  accordingly,  in  the  machinery  of  this 
report  the  stresses  will  be  lower  than  in  contemporary  internal 
combustion  engines  and  pressures  and  temperatures  will  not  be 
placed  at  the  high  values  now  utilized  in  industry. 

Other  applications  of  this  power  plant  besides  aircraft 
should  be  considered,  such  as  submf nines,  or  perhaps  a small 
NhUTILUo,  or  silent  PT  boats,  or  multi-fuel  locomotives  or 
electric-power  generators,  .»hen  atomic  fuel  becomes  availablej 
modifications  of  this  system  m’ ght  be  a very  convenient,  light- 
weight power  source  for  arctic  or  island  bases.  The  waste, 
exhaust  steam  would  provide  heat  anu  the  energy  would  generate 
electricity  for  operation  of  mechanicar  devices , radar,  cooking, 
air  conditioning  and  other  uses. 


THHRlviUmUaMICo  OF  THE 
FROPOBED  HIGH-RHEoubRE  oTE^lvi  rLi»NT 

As  a general  statement,  the  efficiency  of  the  steam  power- 
plant  in  this  study  falls  between  the  high  efficiency  of  the 
piston  propeller  engine  and  the  turbojet.  By  utilizing  high 
pressures,  reheat,  high  vacuums,  regenerative-cycle  apparatus, 
highly  efficient  heat  interchangers,  etc.  the  theoretical  thermal 
efficiency  of  a steam  powerpiant  is  about.  46  percent  which  cor- 
respond to  a theoretical  fuel  consumption  of  about  ,?32  pounds 
of  fuel  per  horsepower  hour.  Needless  to  say,  this  cannot  be 
realized,  iill  attempts  to  achieve  such  an  efficiency  v;oula  be 
at  the  sacrifice  of  weight  anu  complication  together  with  addi- 
tional control  raechanisras.  There  would  then  be  the  Question  of 
reliability  as  well  as  problems  of  maintenance,  etc. 

It  is  possible  to  fabricate  boilers  with  efficiencies  of 
50f«,  but  there  are  attendent  problems  of  corrosion  occurring  in 
such  constructions  which  have  proved  desirable  to  avoid.  The 
additional  vjeight  involved  would  also  not- be  justified,  except 
in  some  special  instances,  similarly,  in  the  matter  of  engine 
design  multi -expansion  construction  involving  more  weight  and 
complication  can  enhance  the  thermodynaraic  efficiencies.  These 
same  general  ideas  also  hole  true  for  condenaing  surfaces  unci 
other  Components. 
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The  powerplant  proposed  is  considered  a practical  thing 

something  that  will  not  require  complicated  instrumentation  or 
highly  skilled  technicians  for  maintenance  and  that  efficiency 
is  somewhat  sacrificed  to  simplicity,  ruggedness,  light  weight  and 
reliability.  This  is  particularly  true  for  the  specific  applica- 
tion of  this  powerplant  to  an  airplane  vjith  boundary-layer  control, 
auch  an  aircraft  will  be  capable  of  carrying  greater  loads  over 
much  greater  distances  at  much  greater  speeds  than  rotary-wing 
craft.  By  the  nature  of  the  missions  for  this  type  of  airplane 
it  seems  probable  that  the  slightly  greeter  fuel  consumption  over 
a gasoline  piston  engine  will  require  only  an  additional  stop 
for  fuel  on  long-range  missions.  On  short-range  missions  there 
should  always  be  an  opportunity  to  refuel  at  some  point  in  the 
circuit  of  operations  with  any  type  of  fuel  suitable  for  the 
burner . 

The  following  is  a thermodynamic  analysis  of  the  proposed 
powerplant  selected  on  the  basis  of  existing  knowledge  of  aircraft 
power  requirements.  A steam  temperature  of  78OO  v<as  selected, 
because  lubrication  is  satisfactory  In  this  range.  The  steam 
pressure  was  chosen  as  1200  pounds  for  take-off  and  900  pounds  for 
cruising.  Dynamometer  tests  included  in  the  Appendix-  showed  that 
these  are  practical  operation  conditions  for  the  compound  engine 
proposed  with  saturateu  steam  delivered  to  the  condensing  surfaces. 

The  Calculations  show  the  Rankine  cycle  efficiency  obtained 
from  the  steam  tables  and/or  Mollier  chart,  and  the  percentage 
of  Rankine  cycle  which  the  engine  will  realize  (from  supporting 
data  on  file  and  partly  included  in  the  Appendix ) . The  calculated 
fuel  rate  is  given  for  a combination  of  diesel  oil,  kerosene,  and 
gasoline  (equivalent  to  19,000  B.t.u./lb.),  It  is  contemplated 
that  the  powerplant  will  operate  on  any  of  these  fuels,  but 
should  have  better  performance  when  utilizing  a higher  percentage 
of  gasoline  with  intermixed  fuels. 

Steam  conditions:  Temperature  780'^  F. 

Pressure  1,200  p.s.i.a. 

Rankine  Cycle: 


Steam  heat  cotitent  at  initial  conditions  of  780°  and  1200 
p.s.l .a.  = 1,366  B.t ,u. 

Heat  in  steam  (assuming  feedwater  at  condensing  temperature 
and  2 p.s.i.g.)  = I86  B.t.u. 

Heat  added  by  boiler  = l,l80  B.t.u. 

steam  heat  content  at  final  conuitions  after  the  drop  in 
pressure  at  constant  entropy  or  isentropic  expansion 
to  2 p.s.i.g,  = 1,004  B.t.u. 

Heat  drop  B.t.u,  362  B.t.u. 
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Heat, ^ r^4§~  * Banklne  Cycle  Eff.  = 30.7% 

Heat  supplied  1»180 

Prom  Besler  Test  No,  3 on  May  18,  1931  of  a 3”  x 5“l/^'’  x 5’'’ 
compound  engine  an  efficiency  of  72%  of  the  Ranklne  Cycle 
efficiency  at  785®  P.  and  890  pal  was  measured  (see  the 
appendix).  If  it  is  assumed  the  proposed  engine  would  he  at 
least  as  efficient,  then  72%  of  30.7%  = 22.1%  engine 
thermal  eff lolenoy. ' Assuming  a' boiled  efficiency  of  80%, 
the  thermal  cycle  efficiency  would  be  80%  of  22.1%  or  17.7% 
If  5%  of  the  power  is  required  for  all  auxiliaries  from  the 
steam  cycle,  then  the  overall  cycle  thermal  efficiency  would 
be  95%  of  17.7%  = 16.8%  for  the  power  unit. 

t 

Fuel  consumption  calculation: 


Per  a combination  fuel  with  a heat  content  of  19,000 
Btu/lb.  the  fuel  consumption  of  the  whole  plant  would  be 
2.545 

19:000  X .1S8 


= .797  Ib./hp./hr.  An  engine  capable  of  75% 


of  the  Hanklne  Cycle  and  a boiler  efficiency  of  84%  would 
decrease  the  fuel  rate  to  about  ,73  Ibs./hp./hr. 


ENGINE  ■ 

The  engine  la  the  heart  of  any  steam  powerplant  and 
its  efficiency  more  than  anything  else  determines  the  over- 
all efficiency  of  the  plant,  the  fuel  rate,  the  size  and 
weight  of  the  boiler,  condenser,  feed  heaters,  and  all  other 
components.  Obviously,  if  an  engine  has  a 20  pound  water 
rate  instead  of  10,  the  boiler  has  to  be  twice  as  big  and 
all  the  other  components  must  have  twice  the  capacity.  (A 
steam  engine's  water  rate  is  defined  as  the  number  of  pounds 
of  water,  evaporated  into  steam  and  passed  through  the 
engine  of  this  report  is  expected  to  have  a ten  pound  water 
rate  at  cruise  power. 


A V-type,  compound  engine  developed  by  the  Besler 
Corp.  has  been  selected  for  this  illustration  as  a compromise 
of  weight,  complication  and  efficiency.  This  two-cylinder, 
double-acting  engine  is  simple,  reliable,  and  remarkably 
efficient,  A large  amount  of  work  has  been  done  on  this 
particular  type  and  size  of  engine,  so  that  performance 
can  be  predicted  with  assurance. 


A drawing  of  the  200  h.p.,  2-oyllnder,  double-acting 
engine  is  shown  in  fig.  1.  The  construction  features  are 
obvious  from  the  drawing.  The  crankcase  is  aluminum  and 
the  other  parts  are  steel.  Note  that  it  is  only  6”  from  the 
propeller  shaft  centerline  to  the  top  of  the  engine  and 
17-1/4"  to  the  lowest  extremity. 
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A varlable-pitoh  propeller  will  hardly  be  Justified  with 
a steam  engine,  because  the  power  output  Is  dependent  on  the 
boiler  output.  Over  a reasonably  wide  range  of  speeds  the  steam 
pressure  may  rise  or  fall  as  necessary,  but  the  power  and  the 
efficiency  remain  substantially  constant. 

Reversible-pitch  propellers  will  not  be  needed  either, 
since  a simple  reverse  mechanism  dan  be  provided  to  reverse 
the  engine.  It  la  reasonable  to  expect  the  engine  to  go  from 
full  forward  to  full  reverse  In  about  one  second  as  it  did  in 
the  airplane  of  1933.  It  will  not  be  necessary  to  close  the 
throttle  during  this  reversing  operation,  so  that  the  airplane 
contemplated  may  stop  in  about  one  length  after  touch-down  under 
favorable  conditions. 

In  the  preceding  discussion,  a case  was  made  for  the 
V-compound  engine.  For  illustration  an  inverted  V has  been 
chosen,  but  other  arrangements  are  possible  and  perhaps  desirable. 
The  flying  steamer  of  1933  utilized  a V-englne  but  the  cylinders 
were  up  from  the  crankshaft  as  shown  in  the  Appendix. 

The  V arrangement  presents  considerably  more  frontal 
area  than  necessary  with  an  In-line  engine.  A 2-cyllnder,  in- 
line engine  presenting  an  extremely  narrow  profile,  which  would 
probably  be  placed  with  the  cylinders  downward  from  the  propeller 
shaft,  could  be  employed  If  the  boilers  were  arranged  In  an 
engine  room  or  submerged  within  the  wing. 

The  balance  of  a 2-cylinder,  in-line  engine  Is  more 
difficult,  because  the  primary  forces  are  unbalanced  and  the 
secondary  forces  remain  as  a couple.  It  Is  usual  to  provide 
reciprocating  weights  or  rotating  counter  shafts  with  counter 
weights  thereon  arranged  to  absorb  the  primary  forces,  while 
the  secondary  forces  are  balanced  as  necessary. 

The  big  advantage  of  the  V-type  engine  Is  that  the 
primary  forces  are  Inherently  balanced  by  counter  weighting 
opposite  the  crank  pin  with  the  weight  of  the  pistons,  which 
are  Identical  in  weight.  The  secondary  forces  are  unbalanced 
and  act  as  a couple  in  a horizontal  plane  with  a frequency 
of  twice  crankshaft  speed.  These  secondary  forces  can  be 
balanced  If  desired  by  two  synchronized  counter  rotating 
weignts  although  in  the  1933  machine  they  were  unbalanced 
and  there  was  little  noise  or  vibration.  While  on  the  subject, 
the  quietness  of  the  ship  was  the  most  surprising  thing  to 
most  bystanders.  Except  for  the  low-frequency  beat  of  the 
propeller  turning  14-00  r.p.m.,  there  was  so  little  noise 
that  it  was  possible  to  talk  to  people  on  the  ground  300  feet 
below.  The  sound  of  the  air  flowing  over  the  wings  could 
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be  distinguished  from  the  air  flowing  across  the  guy  wires.  It 
was  even  possible  to  detect  the  direction  to  the  various  air 
flow -sound  sources. 

There  is  extreme  latitude  in  the  component  arrangements 
and  it  does  not  matter  if  one  or  four  engines  or  boilers  are 
employed.  If  a 4-cyllnder  engine  is  chosen  in  preference  to  a 
2-oyllnder  engine,  either  the  engine  becomes  smaller  and  more 
compact  at  a slight  sacrifice  in  efficiency,  or  the  power  doubled. 
In  the  4-engined  illustration  a V engine  is 'shown  with  one  of 
the  cylinders  down  and  the  other  horizontally  submerged  in  the 
leading-edge  of  the  wing.  This  arrangement  provides  good  balance 
and  a minimum  of  frontal  area.  In  the  Appendix  dynamometer 
test  data  for  comparable  engines  are  given  for  both  the  V-type 
and  in-line  engines. 


STEAK  OENERATOB 

Only  one  type  of  boiler  meets  the  requirements  of  the 
external  combustion  powerplant,  namely,  the  forced-circulation, 
water-tube  boiler.  This  type  of  boiler  was  used  in  the  1933 
flying  steamer  and  has  reached  a stage  of  high  development. 
Thousands  of  boilers  of  this  general  classification  have  been 
built  by  the  Besler  Corporation  for  a wide  variety  of  uses. 

This  type  of  boiler  provides  a light,  but  adequate, combustion 
chamber  without  any  weight-consuming  brickwork  or  conventional 
firebox  constructions.  The  tubing  can  be  conservatively  rated 
and  a construction  is  employed  that  has  been  proved  by 
experience.  Literature  is  in  the  Appendix  on  Besler  commercial, 
and  testing  boilers  to  illustrate  general  construction  features. 

The  few  modifications  incorporated  in  the  boiler  chosen 
for  the  proposed  steam  airplane  powerplant  are  shown  in  the 
drawings  of  the  Appendix.  The  combustion  chamber  has  been 
reduced  about  2 inches  in  diameter  from  the  standard  commercial 
testing  boiler  rated  at  2,500  pounds  of  steam  per  pour.  The 
proposed  boiler  will  evaporate  substantially  this  same  amount 
of  steam  and,  while  the  choice  of  an  essentially  commercial 
boiler  may  be  considered  conservative,  reliability  is  an 
important  objective. 

Super-atmospheric  combustion  has  received  much  publicity 
recently,  but  appears  difficult  to  Justify,  The  power  re- 
quired for  high-pressure  blowers  and  the  complications  of 
turbodraft  control  systems  must  be  balanced  against  the  small 
gain  of  reducing  the  combustion  chamber  diameter  by  about  5 
inches  in  the  contemplated  construction.  Space  is  not  that 
valuable  and  the  increased  heat  transfer  to  the  tubes  presents 
reliability  problems,  so  the  theoretical  gains  are  questionable. 
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OTie  difference,  however,  Is  a very  significant  improve- 
ment in  the  proposed  boiler  and  that  is  the  use  of  extended  heat- 
ing surfaces  in  the  economizer.  For  some  years  a line  of 
commercial  heaters  have  been  built  in  which  one  row  of  extended 
surface  tubes  over  a gas  fire  is  used  with  efficiencies  over  ?0 
percent.  This  tubing  can  be  made  of  aluminum,  copper  or  steel 
and  is  fabricated  by  a special  machine  in  the  Besler  factory.  In 
the  preceding  boiler  drawing  five  rows  of  plain  tubes  are  used 
as  final  evaporators  and  superheaters  and  then  two  passes  of 
spined  extended  heating  surface  tubes  are  employed  to  give  a 
considerable  saving  in  space-  and  weight. 

Test  performance  curves  in  the  Appendix  show  typical 
boiler  performance.  It  is  to  be  emphasized  that  the  boilers 
have  an  evaporative  capacity  of  2500  pounds  per  hour,  but 
under  cruise  conditions  at  75  percent  power  the  blowers  are 
not  operating,  so  the  boilers  would  only  evaporate  1500  pounds, 
or  60  percent  of  capacity.  This  low  load  factor  should  provide 
greater  reliability  and  longer  life. 


CONDENSER 

considerable  progress  has  been  made  in  the  last  two 
decades  in  light-weight  automobile  radiators,  aircraft  oil 
coolers,  and  other  heat  exchangers.  In  a steam  power  plant  it 
is  desirable  to  reduce  the  exhaust  pressure  as  much  as  possible, 
but  as  the  pressure  of  saturated  steam  is  lowered  the  temperature 
is  also  lowered.  Unfortunately,  it  is  not  possible  to  reach 
low  pressures  in  a flying  power  plant,  because  the  temperature 
difference  between  the  cooling  air  and  the  steam  decreases  to 
the  extent  that  a very  large  condenser  would  be  necessary. 

Physical  size,  weight,  and  air  horsepower  to  force  air 
through  the  condenser  cores  are  the  three  variables  that  must 
be  examined  to  arrive  at  the  most  desirable  condensing  surface. 
The  two  condensers  chosen  for  illustration  consist  of  cores 
23-3/^  Inches  square  or  3.9  square  feet  each  for  a total 
frontal  area  of  7.8  square  feet.  They  would  be  fabricated 
entirely  from  aluminum  with  four  rows  of  staggered  tubes  on 
5/8-inch  centers,  .08  by  .75  Inches  in  cross-section,  and 
made  of  .012-lnch  thick  material  with  ten  fins  per  inch  of 
.006-inoh  thick  material  bonded  to  the  tubes.  The  headers  and 
side  plates  would  be  made  of  .0625 -inch  material  and  the  tanks 
of  ,0937-lhch  thick  material.  The  condenser  would  be  3-1/2- 
Inches  thick  with  the  weight  of  one  square  foot  of  core  at  6 
pounds,  so  the  weight  will  be  28-1/2  pounds  for  each  con- 
denser complete  with  side  plates  and  headers  for  a total  of 
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57  pounds.  If  the  condensers  were  made  of  copper,  studies 
Indicated  the  weight  would  be  substantially  double  that  of 
aluminum  construction.  Curves  and  other  data  on  this  subject 
will  be  found  in  the  Appendices. 


Installation  of  cooling  radiators  within  an  airplane 
wing  are  shown  in  N.A.C.A.  Report  No.  743;  however,  In  this 
report  condensers  are  not  shown  In  the  airframe  structure. 

The  condensing  surfaces  could  be  Installed  partially  in  the 
wing  leading  edge  to  act  as  de-icers,  or  as  shown  In  the 
engine  nacelle  or  wherever  selected  by  the  air  frame  designer. 


The  quantity  of  steam  condensate  from  a given  size  of 
condenser  core  depends  upon  the  temperature  difference  between 
the  air  and  the  steam,  and  the  air  flow  through  the  core.  At 
takeoff  the  steam  generation  requirements  are  a maximum  and  the 
cooling  air  temperature  may  be  higher  than  at  altitude.  Under 
these  conditions  the  exhaust  steam  must  be  condensed  at  higher 
temperatures  and  pressures  In  order  to  have  adequate  condensa-- 
tlon.  At  cruising  speed  the  steam  requirements  are  reduced  and 
at  altitude  the  steam  will  be  condensed  at  a lower  temperature 
and  pressure. 


One  200  horsepower  engine  at  a water  rate  of  10  Ib/hp. 
hr.  will  use  2,000  Ib/hr.  of  steam. 

Ambient  air  temperature 
Steam  condenser  pressure 
Steam  condenser  temperature 
Available  temperature  difference 
Enthalpy  of  steam  at  2 psl  gage 
Enthalpy  of  liquid  at  2 psl  gage 


90®  P. 

2 psl  gage 
218®  P 
128®  P. 

1152  Btu/lb. 
186  Btu/lb. 


or,  966  X 2000 


966  Btu/lb. 

^ 1,032,000  Btu/hr.  to  be  removed. 


At  4 Inches  of  water  static  air  pressure  differential 
across  the  condenser  and  100®  P temperature  differential  the 
condenser  has  a capacity  be  test  of  3100  Btu/mln  per  square 
feet  of  condenser  core.  Por  the  128®  temperature  difference 
the  required  area  will  be 


A = ^ 932 ,000  _ 

128  X 3,100  X 60 

If  a saturated  steam  pressure  of  5 P^l  gage  Is  maintained  In 
the  condenser  the  temperature  of  the  steam  will  be  226®  P.  and 
with  an  ambient  air  temperature  of  90®  F the  temperature 
differential  of  I36®  P is  available.  Then 


A = IPQ  .X  1.932.000  ^ 7 64  sa 

136  X 3,100  X 60 


ft. 
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The  all*  temperature  will  seldom  be  as  hot  as  90®;  If  it  Is 
higher  then  water  will  be  spilled  for  a few  seconds  during 
tasteoff,  or  the  reserve  oapaolty  of  the  water  tank  may  absorb 
the  heat  (as  Indioated  by  the  exhaust  piping  arrangement  of 
the  flow  diagram). 

Other  core  configurations  were  calculated  for  different 
tube  spacing,  fin  spacing  and  depth,  but  the  example  given 
represents  good  commercial  praotioe.  The  air  face  has  been 
arbitrarily  selected  as  a square  since  the  capacity  of  any 
condenser  is  a function  of  Its  face  area  and  Its  air  flow 
dimensions.  The  limiting  factor  in  size  Is  when  the  surface 
becomes  too  large  for  practical  manufacture.  The  core  weight 
Is  constant  for  a given  frontal  area,  however,  the  header 
and  tank  weights  will  be  reduced  with  a reduction  in  the  core 
width  and  an  Increase  In  tube  length. 


BOUNDAHY-LAXER  CONTROL  BLOWER  ENGINE 

It  would  be  desirable  for  the  boundary-layer  blower 
engine  to  be  as  efficient  as  possible.  However,  the  efficiency 
under  landing  conditions  would  not  be  particularly  important, 
because  there  would  be  excess  boiler  and  condenser  capacity 
at  this  time  with  the  thrusting  engines  operating  at  a light 
load.  The  following  drawing  shows  a unlflow  engine  that 
produces  100  hp.  at  6000  rpm.  to  drive  the  boundary-3.ayer 
control  blowers.  This  is  shown  as  a combination  turbine- 
piston  engine  which  was  mentioned  In  the  Introduction. 

Another  way  to  handle  the  blower  power  requirement  is 
the  back-pressure  steam  turbine.  This  scheme  could  be  used 
to  advantage  during  takeoff,  because  each  of  the  two  100  h.p. 
blowers.  If  driven  by  a turbine,  would  then  have  some  5000 
pounds  of  steam  flow  available.  This  Is  a zone  where  a low- 
pressure  turbine  Could  be  expected  to  have  a high  efficiency 
and  do  a satisfactory  job  at  a low  loss  of  main  engine  horse- 
power. For  landing  and  approach  conditions  the  blower  turbines 
would  take  all  of  the  steam  available  until  the  touchdown. 

If  additional  power  Is  required,  high-pressure  steam  through 
supersonic  nozzles  could  supply  more  than  a sufficient  amount 
of  power. 

The  above  systems  will  work,  but  before  further  detailed 
thought  and  effort  are  devoted  to  this  subject.  It  would  be 
desirable  to  know  the  most  advantageous  plan  for  a particular 
air  frame  design. 
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AUXILIARY  EQUIPMENT 

Auxiliary  equipment  has  usually  been  a troublesome  part 
of  steam  powerplants  and  often  accounts  for  the  poor  efficiencies 
The  principal  auxiliaries  are  the  water  pump,  the  fuel  pump 
and  the  combustion  air  blowers. 

Besler  Corporation  has  built  all  types  of  high~pressure 
pumps  of  1,  2 and  3’^oylih4er  design  from  very  small  capacities 
to  30,000  pounds  of  water  per  hour  at  3,500  p.s.i.;  ^“cylinder, 
2-oyllnder  double-acting,  and  5-cylin<ier  pumps  have  been 
constructed  for  special  applications.  The  Besler  Corp.  has  a 
satisfactory  business  in  special,  high-quality  pump  construction 
including  pumps  for  the  boiler  and  agricultural-sprayer  divisions 

It  would  be  very  appealing  to  use  some  of  the  gear  or 
vane  pumps  now  available;  however,  until  experience  is  accrued 
the  author  would  prefer  to  stick  by  the  tried  and  proven,  even 
at  a sacrifice  in  space  and  weight  until  a test  program  proves 
their  reliability.  The  fuel  pump  can  certainly  be  a gear  pump 
driven  from  the  blower  shaft.  An  electric  starting  motor 
would  be  provided  or  a suitable  generator  which  could  be 
motorized  to  operate  the  blower  and  fuel  pump  might  be  used 
for  starting,  A belt  was  used  to  synchronize  the  blower 
with  the  engine  speed  on, the  1933  airplane,  however,  there 
is  latitude  on  this  matter.  The  type  of  operating  conditions 
for  the  airplane-  has  considerable  to  do  with  the  final  choice. 

There  are  other  minor  auxiliaries  such  as  a condenser 
vacuum  pump,  that  it  would  be  desirable  to  employ.  This 
would  be  driven  from  one  of  the  engine  auxiliary  drives  along 
with  a steam-cylinder  lubricator.  As  a general  rule  the  best 
efficiency  can  be  obtained  in  a powerplant  when  all  of  the 
auxiliaries  are  driven  from  the  prime  mover  and  it  is 
oomtemplated  that  this  arrangement  would  be  employed.  A 
pump  brochure  is  Included  in  the  Appendix  with  a drawing 
of  a pump  designed  for  airplane  application. 
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STEAM  POWEB-PLANT  CONTROLS 

The  e-ngine  for  aircraft  propulsion  must  be  supplied 
with  steam  at  the  design  pressure  and  temperature  for  full- 
power  performance  and  the  auxiliaries  can  be  geared  in  pro- 
portion to  this  condition  with  a few  simple  supervisory  controls 
At  cruising  or  throttled-back  c onditlons  the  demand  for  steam 
decreases  and  controls  of  the  auxiliaries  must  sense  this 
change  in  power  requirements  to  produce  a change  in  the  stable 
steam  conditions.  Many  successful  control  systems  have  been 
devised  and  used  by  the  Besler  Corporation  on  automobiles, 
railroad  installations,  industrial  boilers  and  many  different 
special  testing  boilers. 

The  system  shown  by  the  following  flow  diagram 
for  the  purpose  of  illustration  has  an  excess  amount  of  feed- 
water  pumped  to  the  boiler.  ^ When  the  steam  is  at  about  90 
percent  quality  (90  percent"  steam  and  10  percent  water), 
it  leaves  the  boiler  and  enters  a steam  separator.  The  water 
and  any  lubricating  oil  present  is  trapped  off,  gives  up  its 
heat  to  the  entering  feedwater  through  a heat  exchanger,  and 
returns  to  the  tank  by  way  of  the  condenser.  The  dry 
separated  steam  re-enters  the  boiler  to  be  superheated  before 
flowing  through  a throttle  to  the  engine. 

Experience  has  shown  that  with  a suitable  location 
of  the  superheater  tubing  in  the  boiler,  a satisfactory 
temperature  may  be  maintained  over  a wide  range  of  steam 
output.  The  boiler  tubing  internal  volume  is  very  small  and 
the  weight  of  metal  in  the  tubing  is  very  light,  so  that 
the  boiler  is  very  quick  steaming  and  highly  responsive. 

If  the  throttle  is  partly  closed,  the  pressure  immediately 
rises  which  causes  a controlling  device  to  make  adjustment 
in  the  fuel  flow  to  arrest  the  pressure  rise. 
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STEAM  WATER  , & FUEL  FLOW  P\A6EAM i 


\ TEMP.  & PAEtt.  OPtAATM  PUELVAUME 

2 STEAM  SEMERATOR 

3 STEAM  SAFETY  VAUYE 
4-  STEAM  SEPARATOR 

5 ENSIHE  THROTTJ-E 

6 FEEDWATER  REU\EF  VAL-VE 

7 i»  CONTRttL.  VAt-YE 

e t.  X PUMP 

9 11  K PIUTER 

10  WATER  TARK  REUEP  VALVE 


IE  C0HT>E>15ATE  RkET^RM 
M PRXMARV  FEED  WATER  \<EATER 

14  CONOEMSER  REV-\EF  VAUVE 
IS*  COMOeNSE.R 

16  »0\i>ER  CMECK.  MAL.VE 
n L.V6R\CAT\>J&  0\L  SLOW  DOWH 
18  SECOMOAP.Y  FEED  WATER  HEATER 

15  STEAM  TRAP 

20  EM  SI  HE  HISH  PREREWE  CIUHOER 
El  » t.QW  «•  • 


11  WATER  TAHR 

Figure  8.-  Cteara  water  ard  fuel  flow  diagram 
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OPERATING  PROCEDURE 

It  appears  logical  to  describe  the  operation  of  the 
1933  steamer  as  there  should  be  little  change  In  operating 
procedure,  except  as  noted.  When  the  Travelalr  wap  flown  it 
was  only  necessary  to  enter  the  cockpit,  close  the  blower 
switch  and  then  open  the  engine  throttle.  In  about  15  seconds 
sufficient  pressure  was  availab.^  j to  turn  over  the  engine  and 
taxi  to  the  takeoff  position  where  the  engine  was  warmed 
against  the  wheel  brakes  for  perhaps  one-half  minute  prior 
to  takeoff.  All  boiler  controls  were  automatic  and  the  throttle 
was  the  only  control  requiring  pilot  attention. 

In  the  proposed  steamer  an  Improved  engine  valve  gear 
for  initial  starting  and  warming  up  will  be  installed  because 
sometimes  it  was  necessary  on  the  Travelalr  steamer  to  reverse 
the  engine  a number  of  times  to  work  the  water  out  of  the  low- 
pressure  cylinder.  This  will  add  another  position  labeled 
'Start  and  Warm-up'  to  the  reverse  lever  in  addition  to  the 
positions  'Forward'  and  'Reverse',  Running  in  'Start'  will 
not  damage  the  engine  in  any  way,  but  will  not  be  as  economical. 

In  the  1933  steamer  the  author  made  a number  of  very 
steep  descents  by  keeping  the  engine  in  full  reverse.  This 
might  be  a very  convenient  feature  for  rapid  descents  from 
high  altitude  or  for  quick  slow-down  in  case  of  running  into 
severe  turbulence.  It  would  be  only  necessary  to  push  the 
reverse  lever  into  reverse  for  a few  seconds  without  bother- 
ing to  close  the  throttle  to  slow  down  the  engine.  It 
would  not  harm  the  powerplant  to  use  full  reverse  power  for 
an  extended  period,  so  it  is  conceivable  that  very  rapid 
descent  rates  of  perhaps  10,000  feet  a minute  could  be 
employed.  . In  a short  field  the  airplane  could  be  backed 
into  a clearing  or  shelter,  or  even  up  an  incline  to  provide 
a short,  down-hill  takeoff  run. 

Such  -an  operating  procedure  as  this  was  successfully 
worked  out  long  ago  and  there  are  apparently  no  changes  required 
for  multi-engine  operation. 


SERVICE  AND  MAINTENANCE 

Considerable  knowledge  is  available  on  this  subject 
from  experience  gained  by  over  seven  years  successful  operation 
of  the  New  Haven  streamlined  high-pressure  train  some  million 
miles  road  experience  with  automobiles,  and  a satisfactory 
marine  installation.  It  is  therefore  expected  that  service  and 
maintenance  of  the  steam  airplane  will  be  a minimum,  once  all 
compcnents  have  been  thoroughly  tested. 
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At  refueling  stops  the  fuel,  water,  and  lubricating  oil 
tanks  must  be  checked  and  refilled  as  necessary.  Between 
inspection  periods  nothing  would  need  to  be  done  except  to 
visually  inspect  the  condition  of  the  extended  heating  surfaces 
to  make  sure  that  no  soot  has  accumulated  in  which  case  it 
should  either  be  blown  off  with  air,  washed  out  with  water,  or 
brushed  clean. 

Maintenance  of  all  light-weight  power  plants  is  normal 
and  should  not  be  a serious  problem.  The  disposed  components  of 
a steam  plant  readily  lend  themselves  to  replacement.  For 
instance,  if  a water  pump  developed  a knock  the  pump  should  be 
replaced  as  a unit.  In  the  illustration  it  is  not  expected 
that  a boiler  or  other  major  component  would  be  repaired  in 
the  field.  One  man  could  lift  any  single  component  from  its 
mounting  for  replacement  or  abandonment. 

Regular  overhaul  would  consist  of  removing  every  major 
component  for  inspection  and  replacement  of  any  part  which  showed 
wear  or  damage.  This  could  be  at  Infrequent  Intervals,  because 
the  stresses  are  approximately  the  same  as  those  used  on  work- 
ing parts  of  the  New  Haven  streamlined  train,  which  showed 
the  original  tool  marks  on  most  wearing  surfaces  after  one- 
half  million  miles  of  service.' 

“Treated  boiler  water  will  not  be  necessary  for  this 
power  plant  because  of  the  employment  of  the  separating  cycle 
shown  in  the  flow  diagram.  It  is  desirable,  however,  to  use 
the  best  feed  water  available,  which  experience  has  shown 
to  be  the  softest  water,  or  that  with  least  permanent  hardness 
or  silica.  In  some  one  thousand  steam-atomizing,  'Bes-Kil' 
sprayers  scattered  throughout  the  world,  it  has  been  learned 
that  stream  or  ditch  water  is  preferable  to  well  water  and 
would  be  the  case  with  the  projected  flying  steamer.  Acid 
circulation  is  the  accepted  cleaning  procedure  with  Besler 
forced  circulation  boilers,  which  would  usually  be  done  at 
overhaul  periods. 


ILLUSTRATION  OP  APPLICATION 

The  4-englned  illustration  which  follows  should  be 
kept  in  mind  when  reading  the  description  of  the  components; 

All  engines  including  the  boundary-layer  blower 
engines  are  controlled  by  individual  throttles  from  a common 
header  through  check  valves  to  all  boilers.  Failure  of  a burner 
electrode  or  any  part  of  one  of  the  boiler  systems  would 
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accordingly  leave  75  percent  power  to  all  engines  so  that 
assymmetrlcal  conditions  would  not  exist.  The  blower  throttles 
(E)  are  coupled  to  operate  simultaneously,  but  are  shown  as 
Independent  units  to  simplify  the  diagram.  One  throttle  and 
a branching  pipe  would  be  used  in  practice. 

The  boilers  each  have  an  evaporative  capacity  of  2,500 
pounds  or  10,000  pounds  total  and  supply  2,000  pounds  of  steam 
to  each  of  the  four  200  hp.  engines.  The  remaining  2,000 
pounds  capacity  is  divided  between  the  two  blower  engines  which 
deliver  100  hp.  each.  If  one  boiler  la  shut  down  during 
cruise  (at  which  time  the  BLC  blowers  are  inoperative  and  the 
main  engines  presumably  are  at  75  percent  power),  the  steam 
requirement  will  be  6,000  pounds  per  hour,  so  that  the 
remaining  three  boilers  will  operate  at  80  percent  load. 

Under  this  condition  the  landing  procedure  would  allow  full 
BLC  blower  power  during  approach  plus  70  percent  propeller 
power. 

The  steam  engines  are  conservatively  designed  for 
reliability  and  should  not  suffer  from  sudden  failure.  For 
instance  a bearing  failure  would  result  in  a knock,  but  the 
engine  would  keep  going  and  could  be  shut  down  during  cruise 
and  used  later  for  landing.  The  condenser  installation  is  not 
shown,  but  is  visualized  to  be  within  the  wing,  or  housed 
conveniently  along  the  sides  of  the  fuselage  with  suitable  air 
scoops. 

The  single-engine  nacelle  Illustration  shows  a complete 
single  propeller,  engine,  boiler  and  condenser  ’power  package'. 
If  a single-engine  prototype  were  constructed,  it  might  well 
take  on  such  a form  as  this. 
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ENGINE  WEIGHT  ANALYSIS 


Part 


Crankshaft 

Crankoase 


Bearings 


1 SKP  6007  X Cat. 

2 SKF  212  X Cat. 

1 SKF  6012  X Cat. 

Connecting  Rod  and  Pina  12) 

Piston  Pods  (2) 

Crosaheads  (2) 

Piston  H.P. 

Platon  L.P. 

Cylinder  H.P. 

Cylinder  L.P.  , . r. 

Cylinder  Head  H.P.  Head  End 
Cylinder  Head  L.P.  Head  End 
Cr os ahead  Guides  (2) 

Piston  Valve  and  Stem  H.P. 

Piston  Valve  and  Stem  L.P. 

Valve  Gear  Mechanism  and  Reverse  Gear 
Auxiliary  Drive 

CyilnderHead  H.P.  Crank  End 
cylinder  Head  L.P.  Crank  End 
Valve  Cylinder  Heeds  K.P.  and  L.P. 
Receiver  Pipe 

Laeglng  and  Covers  . « 

Nuts  and  Bolts,  Lock  Wires  and  Misc. 

Total 


Weight  Lbs. 

23.00 

15.30 

.35 

4.00 

.92 

4.00 

2.50 

2.44 
2.36 
2.36 

9.44 

14.60 

2.13 
2.80 
9.12 
1.80 
2.15 

9.00 

2. DO 

3.00 

2.00 

3.30 

2.50 

2.14 

1.50 

5. 00 

129.7  Lbs 
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airplane  boiler  weights 


Weight  Weight 

Part  Material 

Size 

Basis 

Lbs. 

3 Spiral 

Steel 

170  ft 

1/2"  OD.  1/32"  Wall 

.158  Ibs/ft 

26.9 

Coils 

23  Turias 

Steel 

115  ft 

1/2"  OD.  ^ '32"  Wall 

.158  lbs /ft 

18,1 

Helical  , 
Extended 

Copper 

55  ft 

1/16"  OD.  13/32"  l.D. 

.455  Ibs/ft 

25.0 

Surface 

Thermostat 

Steel 

1"  OD 

16  GA.  X 

.62  Ibs/ft 

1.24 

Tube 

1.1 

Tube  Con- 

Steel 

. 2 

4.1 

nectors 

Outer 

Alum. 

21"  D 

X 21  1/4-''  X ,030'’ 

.421  Iba/ft^ 

Casing 

Inner 

Ste«l 

19"  D 

X 10  1/2”  X .030" 

1.25  Ibs/ft"^ 

Q 

5 . 44 

Casing 

Combustion 

Steel 

18"  D 

X 7 1/2"  X .030” 

1.25  Ibs/ft^ 

3.68 

Chamber 

1.25  lbs/ft2 

Wall 

Combustion 

Steel 

18  1/2"  D - 8‘*  D 

1.90 

Chamber . 

2.86 

Bottom 

Combustion 

Steel 

22«  D 

- 8"  D 

1.25  Ibs/ft^ 

Chamber 

Under 

n 

Sheet 

Top  and 

Alum 

21"  D 

X .030 

.421  Ibs/ft 

' 2.02 

Bottom  of 
Casing  2 
Discs 

Steel 

3.00 

Burner  AseV 

, , 

2.5 

Clamp  Band 

Steel 

•V  — * 

and  Angles 

— — — ^ 

1.0' 

Thermostat 

Steel 

Switch 

Box 

4.00 

Lagging 

Total 

102.8 
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SUMMARY  OF  WEIGHTS 
For  One  200  HP  Power  Plant 


C » Calo. 

E * Est.  Item 


Weight  Lbs. 


C Boiler 
C Engine 
C Condensers  (2) 

E Thermostatic  Fuel  Valve 
E Safety  Valve 
C Steam  Separator 
E Engine  Throttle 
E Peed  Water  Relief  Valve 
E Feed  Water  Control  Valve 
E Feed  Water  Pump 
E Peed  Water  Filter 
C Water  Tank 

E Water  Tank  Relief  Valve 
E Condensate  Return  Pump 
C Primary  Peed  Water  Heater 
E Steam  Trap 
E Blower  and  Drive 
E Fuel  Pump 

E Water,  Steam,  and  Fuel  Piping  and 
Mlso. 

E Ignition  Magneto  ■ 

E Condenser  Relief  Valve 
E Boiler  Check  Valve 
E Lubricating  Oil  Blow  Down  Valve 
C Secondary  Feed  Water  Heater 


102.8 

133.7 

57.0 
1.0 
1.5 

7.0 
1.5 

4.0 

2.0 

20.0 

.5 

2.75 

.5 

5.0 

.9 

5.0 
1.5 

1.0 
l6.o 


5.0 

.75 

.5 

•5 

1. 6 

372.0“Lbs. 


Dry  Weight  =372 
Water  = 50 

Lub.  Oil  = W 
Wet  Weight  = 432  Lbs. 

^ =2.16  Lb/Hp 
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CONCLUSIONS 

1.  In  the  foregoing  discussion  a steam  powerplant  has 
teen  outlined  that  Is  particularly  well  adapted  to  the  special 
requirements  of  an  airplane  equipped  with  boundary-layer  control. 
This  system  is  quiet,  reliable  and  flexible. 

2.  All  material  in  this  report  has  been  based  on 
specific  Vcnowledge  and  information  secured  from  a large  number 
of  tests  and  developments  conducted  by  the  Besler  Corporation. 
The  powerplant  projected  and  described  could  be  built  with 
assurance  of  its  performance  and  structural  integrity. 

3.  Prom  operational  experience  with  powerplants  of  this 
type  it  is  expected  that  the  steam  airplane  of  this  report  would 
have  unusual  altitude  performance.  Improvements  in  fuel  con- 
sumption, weight,  and  size  could  be  expected  through  continued 
development . 
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appendi::  a 

besler  steam  airplane  of  1933 
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1933  ENGINE  DAa?A  AND  CURVES 
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A completely  outomcrtic,  forced  circulation,  forced  draft  steam  generator, 
with  a wide  variety  of  applications  in  power,  processing  and  heating. 

CHECK  THESE  OUTSTANDING  FEATURES: 


• Compactness  • No  ioundation  or  stack 

• Flexibility  * New  ease  oi  moijitenance 

• Light  weight  Push  button  starting  and  stopping 

• Fast  steaming  • High  operating  eihciency  and  economy 

• Oil  or  gas  firing  • Automotic  operating  and  soiety  controls 

• Simple  installation  • Instcmt  response  to  variations  in  steam  load 

• No  explosion  danger  * Automatic  over-temperature  safety  fire  cut-off 

(See  reverse  side  ior  condensed  specifications) 
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CONDENSED  SPECIFICATIONS 

Capacity — ^Maximum  17501b./hr. 

Minimum 350  Ib./hr. 

Working  Pressure Up  to  400  psi.  max. 

75  psi.  min. 

Temperature Saturation  temperature  at  working  pressure 

Overall  Dimensions — Length  5 ft.  10  in. 

Width 3ft.  Sin. 

Height  5 ft.  4 in. 

Flue  Size 8 in.  diameter 

Feed  Water  Inlet 1 in.  I.P.S. 

Steam  Outlet VA  in.  I.P.S. 

Blowdown Vi  in.  I.P.S. 

Fuel  Oil  Connection Vs  in.  I.P.S. 

Electrical  Connected  Load 5 H.P. 

Fuel  Consumption  at  Maximum  Output 152  lb.  per  hr. 

Diesel  oil  or  2800  cu.  ft. 
hr.  natural  gas  at  1050 
Btu.  per  cu.  ft. 

Total  Heating  Surface 94  sq.  ft. 

Safety  Valve  Outlet 1 Vi  in.  I.P.S. 

Approximate  Weight 2800  lb. 

★ ★ ★ 


The  Model  50  is  one  of  a series  of  Besler  Standard  Steam  Generators, 
which  v/ill  also  include  Model  75  (2500  lb./ hr.)  and  Model  150  (5000  Ib./hr.) 
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FLEXIBILITY  Besler  Te$t  Boilers  fully  meet  tbit 
impcrtoRt  requirement  with  an  extremely  wide  range, 
not  only  of  steam  pressures  and  temperotures,  but  also 
of  capacity.  For  example,  the  Model  1 S may  instantly  be 
cut  down  from  1 500  to  400  lbs.  per  hour.  The  range  is 
even  greater  on  the  larger  Besler  Sectional  Boilersj  the 
6B  will  efficiently  handle  any  load  from  500  to  i 5,000 
lbs.  per  hour! 

EASE  OF  INSTALLATION  Compact  and  light  in 
weight,  Besler  Test  Boilers  are  easy  to  move  in  and  set 
up  for  operation.  No  brick  work,  no  stack,  no  special 
buildings  (unless  required  by  law]  are  necessary.  All  con- 
nections are  of  maximum  simplicity.  Besler  Test  Boilers 
may  even  be  used  as  portable  units  which  can  be  moved 
to  the  equipment  to  be  tested,  when  conditions  make 
such  procedure  desirable. 

FAST  STEAMING  Besler  Test  Boilers,  starting  cold, 
can  deliver  steam  at  full  operating  pressure  and  tem- 
perature in  two  minutes  I 

ACCURATE  CONTROL  Equipped  with  reliable 
Besler-designed  controls,  Besler  Test  Boilers  provide  de- 


sired steam  temperatures  and  pressures  accurately  and 
maintain  them  uniformly  over  any  required  period.  With 
the  Besler  forced-circulotion  "once  through"  counter- 
flow  design,  and  all-metal  firebox  devoid  of  refractories, 
heatstoroge  is  negligible  and  response  to  controls  there- 
fore extremely  rapid. 

LOW  MAINTENANCE  Every  feature  to  reduce 
the  cost,  in  time  and  money,  of  boiler  maintenance  has 
been  incorporated  in  Besler  design.  Built-in  rotary  soot 
blowers  cut  soot-blowing  time  to  minutes  rather  than 
hours;  de-scaling  can  be  done,  under  normal  conditions, 
in  two  to  three  hours  with  the  Besler  acid  treatment. 
Even  major  repairs  can  be  accomplished  in  a short  time; 
for  example,  replacing  an  entire  boiler  "section"  on  a 
Besler  sectionol  unit  can  be  done  in  but  four  hours! 

COMPLETE  SAFETY  Two  features  of  Besler  design 
assure  safe  operation  under  all  conditions.  With  no 
drums  or  headers,  and  with  minimum  steam  storage 
capacity,  Besler  Test  Boilers  virtually  el'minate  the  ex- 
plosion hazard.  Reliable  Besler  controls  automatically 
shut  off  the  fire  and  feedwater  if  pressure  or  temperature 
becomes  excessive,  and  approved  safety  and  woter 
relief  valves  are  provided. 
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■Designed  by  test  engineers  for  test  engi- 
neers, the  Besler  Sectional  Test  Boiler  is  on 
innovotlon  in  steam  generator  design  offering 
maximum  flexibility,  utmost  conservation  of 
space  and  weight,  high  efficiency  at  all  capaci- 
ties, and  minimum  maintenance  expense  in  time 
and  money. 

Basic  unit  in  the  Besler  Sections!  Test  Boile 
the  standard  soturated  steam-producing  sec- 
tion. These  independently-flred  sections  may  be 
combined  to  provide  any  capacity  up  to  1 S,000 
lbs.  of  steam  per  hour.  Matched,  standard  su- 
perheot  sections  may  be  added  to  saturated 
section  combinations  as  required  to  produce 
high-temperature  steam.  Thus  it  is  possibie  to 
furnish  o test  boiler  "tailored"  exactly  to  your 
requirements,  from  standard  components;  the 
uncertainties  and  delays  of  special  boiler  de- 
sign ore  eliminated. 

Besler  Sectional  design  provides  a range  of 
capacity  heretofore  impossible  to  achieve. 
For  example,  the  Model  dB  (six  saturated,  two 
superheat  sections)  will  efficiently  produce  any 
amount  of  steom  from  500  to  1 5,000  lbs.  per 
hour.  The  minimum  output  of  ony  Sectional 
model  is  that  of  a single  section  [500  lbs.  per 
hour);  maximum  output  is  in  proportion  to  the 
number  of  saturated  sections  employed.  Ca- 
pacity range  is  consequently  far  greater  than 
that  possible  with  any  single  steam-producing 
unit  of  equal  maximum  capacity.  Condensed 
specifications  given  on  page  4. 
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■HE  ABOVE  flow  dlagroin  ihowi  wolor  and  ttoam  flow  only.  Nod 
woltr  It  admiftod  to  foodwaltr  pump  2 thraugli  tlralnor  1 ■ Rolirf  volvo 
3,  blood  volvo  4 and  oullol  tlralnor  Ihigh  prottvro)  S ora  connoclod  lo 
food  pump  oullol.  Waloy  flion  flowt  Ihrough  hoal  oxchongor  9 to  dl<- 
Iribullng  volvo  10.  Dltlrlbullng  volvo  10  conlolnt  at  many  ouHol  poili 
<»  botlor  tocliont  in  Iho  bollor  oitombly.  Only  ono  oullol  It  thown  boro 
for  timplhily.  TMt  volvo  It  in  offoci  a variable  erlfico  arratt  which  It 
ronnoctod  rogulaling  volvo  1 1 . Bogulafing  volvo  1 1 molnlolnt  a con- 
itcint  protturo  drap  acmt  orlfUs  in  v=<v«  10  cii  any  flow,  Ihoroby  accu- 
rololy  motoring  flio  flow  of  walor  to  Iho  bollor.  Wolor  ro|ocltd  by  Ihit 
volvo  it  dltchorgod  bCKk  lo  tho  touico  of  tupply  by  difforonllal  rollof 
volvo  6.  Oifforonllol  rollof  volvo  6 It  tprlng  loodod  and  protturo  leodod 
lo  1 50  p.t.l.  abovo  Iho  maximum  bailor  inlol  protturo  by  e protturo  lino 
from  Iho  bollor  Inlol.  7 It  an  olr  cuthion  dotignod  to  ollmlnmo  control 
protturo  pultoliont.  DItIribuling  volvo  10,  dompor  of  main  blowor  33 
and  Iho  fuol  dltlrlbullng  - ’vo  Inel  thown)  i>  -» linkod  logothor  and  oulo- 
mallcally  eonlrollod  by  bailor  protturo. 

In  patting  Ihrough  Iho  hoal  oxchangor,  Iho  lomporalure  of  food  wolor 
hat  boon  raitod  by  tplllovor  wolor  roluming  from  loparolor  1 8.  From 
food  walor  roguloto;  1 1 , food  wolor  pattoi  through  Inlol  chock  volvo  1 2. 
Inlet  tlop  volvo  13  and  to  bollor  loclien  14  whero  tolurolod  doom  of 
approxlfflololy  85  lo  90  % quollly  It  gonoralod,  Horn  I S It  a rotory  tool 
blowor  oxionding  Into  Iho  bollor  locllon.  1 i If  Iho  bumor  and  ignition 
ottombly  which  automallcally  nartt  and  lupporlt  combuttlon  al  ony 
load.  1 7 it  a tololy  Ihormotlol  which  thult  off  firo  in  .'ho  evsnl  of  eseot- 
tlvo  lomporalure  or  wolor  falluro.  From  bollor  tocllon  14,  tloam  pottot 
lo  toporolor  18.  Wolor  It  conduclod  down  through  tiandplpo  and  to 
hoot  exchanger  9 and  then  bock  to  the  tovrce  of  water.  1 9 It  Iho  fluth- 
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Ing  volvo.  20  It  iho  Irap  pilol  volvo  which  rotpondt  lo  changot  in  wolor 
hood  ond  oponi  Irap  volvo  21  ditcharging  wolor  from  Iho  toporolor 
tytlom.  Saluralod  tloam  of  99.2%  quollly  or  bollor  Ittuot  from  Iho  top 
of  toporolor  1 8 and  can  bo  utod  Ihrough  step  volvo  23  for  any  purpoto 
roquiring  dry  taluraled  tloam. 

Tho  dry  tahiralod  tloam  alto  pattet  to  toporeloly  firod  tuperheolar  24. 
24  it  Hio  tafoly  volvo.  25  It  Iho  laluialod  tloam  protturo  gauge.  Sopa- 
raloly  fired  tuporhoalor  26  alto  conlolnt  a rotary  tool  blowor  27.  Bumor 
and  Ignition  ottombly  28  It  similar  to  Ihol  In  tho  bollor  tcicllon.  Thonno- 
sioi  control  box  29  automallcally  conlrolt  tuporhoalor  ouHot  lompora- 
luro  by  timultoneoutly  cqnlrolltng  fuol  flow  and  combuttlon  air  supplied 
by  tuporhoaler  olowor  32  to  Iho  amount  required  for  a given  lompora- 
luro  condlllon.  Suptihealod  tloam  it  taken  off  through  tlop  Volvo  31 . 
30  It  tho  tuporhools.'  oullol  protturo  gouge. 

When  tloam  demand  It  incrootod  or  roducod,  Iho  meirr  icmbutllen  con- 
trol rotpondt  and  tuppllot  Iho  proper  quanllHot  of  walor,  air  and  fuol 
to  tho  bollor  tocllon  automallcally.  When  lower  or  hignor  tloam  tem- 
poralurot  are  dotlrod,  a timplo  adfutlmonl  of  Ihormotlol  cuniral  box  29 
praducot  tho  dotlrod  tomporaturo  quickly  and  accuraloly. 

Any  dotlrod  protturo,  lead,  or  tomporaluro  within  Iho  limit  capacity  of 
Iho  boiler  tun  bo  attolnod  and  accurately  and  outomo  Hcally  mulntalnod. 
Tho  bailor  outomotlcally  adluti  Iltolf  to  changot  In  lead.  Sahirolod 
ttoa.<i  and  tupoihoalod  tloam  can  bo  taken  off  toparatoly  or  limulta- 
neoutly  al  any  lead  or  In  any  proportion  within  Iho  minimum  and 
maximum  copaclly  llmllt  of  Iho  bollor. 


Rear  View 


TEST  BOILEg  CONDENSED  1 

iPE 

CM 

PIC 

ATI 

ON 

MODEL 

15 

1 

2 

3 

4 

m 

D 

1A 

3A 

3A 

4A 

4B 

Ell 

6B 

Capacity  (in  hundreds  of  lbs. 
of  steam  per  hr.) 

15 

4 

25 

5 

50 

5 

75 

5 

100 

5 

125 

5 

150 

5 

25 

5 

50 

5 

75 

5 

100 

5 

100 

5 

125 

5 

150 

5 

Minimum* 

Working  Pressure  P.S.I. 
Maximum 

Minimum 

2000 

500 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

1500 

300 

Working  Temperature  F 
Maximum 

Minimum 

900 

100  Sup. 

Sat. 

Sqt. 

Sat. 

Sat. 

Sat. 

Sat. 

900 

Sot. 

900 

Sat. 

900 

Sot. 

800 

Sat, 

900 

Sat. 

^ 

900 

Sat. 

900 

Sat. 

48 

36 

80 

61 

54 

84 

72 

66 

92 

72 

66 

104 

132 

66 

104 

132 

66 

110 

80 

66 

77 

90 

66 

89 

133 

67 

91  Va 

132 

66 

118’/a 

Hi! 

174 

A A 

1 1 8'/: 

174 

66 

IlS'/j 

Flue  Size,  Length  (inches) 
Width  (inches) 

10  dia. 

24 

11 '/» 

25 

11 

25 

1 1 

49 

11 

49 

11 

49 

1 1 

24 

18 

m 

49 

18 

49 

11 

49 

11 

49 

11 

73 

11 

Feed  Water  Inlet  I.P.S. 

y. 

1'/4 

l'/4 

2 

2 

2 

n 

1 v* 

2 

2 

2 

2 

2 

% 

3/4 

1 

1 

1-/Z 

I'/a 

2 

v. 

1 

1 

1 '/j 

1 

I'/i 

T/a 

2 

B 

I’/a 

2'/a 

2 

2'/a 

Blowdown,  I.P.S 

'h 

% 

'/i 

*74 

1 

1 

1 

% 

■i 

1 

nr 

■i 

\mm 

■i 

Fuel  Oil  Connection  I.P.S. 

mm 

o 

y* 

'/a 

Va 

Va 

'/a 

■■ 

wm 

% 

“4 

y. 

y. 

Electrical  Auxiliary  Load  h.p. 

8V4 

13'/4 

20'/4 

30'/a 

40% 

45y4 

60% 

nva 

29 

42 '6 

43% 

45% 

50  ^ 

65% 

Fuel  Consumption  lb.  per  hr.  al 
Max.  Capacity  Based  on 
Diesel  Oil  19,500  Btu.per  lb 

160 

215 

1 

645 

860 

1080 

1290 

270 

530 

795 

1010 

1060 

1380 

1590 

Total  Heating  Surface  sq.  ft 
(Including  Superheater) 

91 

94.5 

189 

283,5 

378 

wt 

567 

168 

366 

533 

627.5 

722 

Safety  Valve  Outlet  I.P.S. 

1 

1 

I'/z 

1'/2 

V/2 

I'/a 

{2)VA 

1 

I'/a 

I'/a 

I'/a 

(2)1 '/5 

(2)l'/j 

(2)iya 

Approx.  Weight  (hundreds 
of  lbs.) 

25 

34.5 

55 

75 

100 

115 

130 

50 

75 

100 

120 

130 

156 

165 

^Minimum  CQpOCi^/  obtained  by  operoting  on«  section  only  at  1 
**AU  steom  flanges  targe  groove  face;  25O0*lb.  A.S.A.  flange  on 


5 toad. 

Model  15  only. 

Other  sizes#  capacities  and  speciol  designs  quoted  on  request. 

Manufactured  under  U’^ited  States  ond  foreign  patents  and  patents  pending. 


BESLiR  CORPORATION  4053  HARLAN  STREET  • EMERYVILLE  8,  CALIFORNIA 


ARLINGTON  HALL  STATION 
ARLINGTON  12  VIRGINIA 


FOR 

MICRO-CARD 
CONTROL  ONI 

NOTICE:  WHEN  GOVERNMENT  OH  OTHER  DHAWINOR.  SPEClFICATK»’a  07'  W^.m  DATA 
XRETJBSD  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A Li2«i:iTSv,v 
QOVERNMENl'  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  T ICVm 

NO  RESPONSOBIUTY,  NOR  ANY  OBLIGATION  WMATSOEVER;  AND  THE  I't'AC"  .r  T»E 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISMEU,  OR  IN  ANY  WAV  «UAKJ!t!3  THE 
SAID  DRAWINGS.  SPECinCATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  RECI/.K  lUD 
UiPUCATlON  OH  OiHEHWiSE  AS  IN  ANY  MANNER  UCENSINO  THE  HOU)E  OH  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYINO  ANY  RlOirTS  OR  PERMlSSICtN  ' O UFACTVRE 
USE  OR  SELL  ANY  PATENTED  IfiVENTION  THAT  MAY  IN  ANY  WAY  BE  REl  ATti,:!  THERE  TO. 

CLASSIFICATION  CHANGED  TO  UNCLASSIFIED 


BV  AUTHORITY  OF  astia  Rfecuss.  Jl 


Dale 


. / 


Signed 


ff,-  A 


OFFICE  SECURITY  ADVISOR 


